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Abstract: 

PROBLEM TO BE SOLVED: To provide an objective lens for projection being suitable for short- 
wavelength lithography. SOLUTION: This objective lens for projection is used for the short- 
wavelength microlithography whose wavelength is preferably ^100 nm. Besides, it is provided with six 
mirrors, that means, the 1 st mirror SI to the 6th mirror S6 arranged so that numerical aperture(NA) at an 
image side becomes NA ^0.15. Then, the 5th mirror S5 arranged at a position being nearest to a wafer 
surface 4 is arranged so as to be separated at a prescribed distance from the wafer surface. 
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30 g£t>fc6T 0 k l tyv«7 ^-^a^xfc^cr) 

^7^-^iUi^JC, HP»NA%*/Jn©0. 2i 
ttift A = 1 3 nmttCttUX k x =0. 7 7fc*5d» 
A=l lnm^ltkt =0. 6 4&t*5l> 
*k/jN3 5nmilO&IWB«a»«»e>nS. 
[003 0] £/c. iUC^T»U>X(D^A» 

»*©ttOfc<Dr&£. 0J*.«* 26x34 cm 1 
^5W2 6x 5 2 cm 2 £05 4* h 

40 3&sd>a <i^26mmr*i)< : fc ; )35: v HaU&E»£SE« 
[0 03 1 ] ises^KKcc^orii. 

50 r^/c«>«:«, a&tt'htr-Ax:?'; y^^ttffl^fttf 



(8) 

13 

»10 # «TT?*>*. L^fe, BlO^Stt, 0. 2 
£l>5i8P£fcK:2tLT % ^x^i^jl/lcfcivt, 1m 
r a dil^^y-^ffliJr<Df-U'*fe> h U ^ ?m£Z& 

[0 0 3 2 ] ^t&^y-^fljrO'f-U^ h »J 10 

H§PB#, £*Cg!l 1 
<!; ©ROte £ 3fe^JgffitC 4s t > T Bittf Mte *5 W RDM 

[003 3 ] iHCW^^t(D^7-S 1-S6 

tf>7. 3 mnil^*^91tt*flfLfc*9Itt 20 

[0 03 4 ] 6ffl5^-^lx>X<D*#ftA»ftK 
JS5 =x^-S5CC:fol,>Ti£§C*K #Jl 8. 4° T*#> 

/c> ^5 ^^-S5CCfcl^T|SC0, #314. 7' X$> 
A= 1 3nmCCfcttai»ffi«»S, 0. 032Ai: 

^OF^-^i^XKt 3n 30 

[0 0 3 5 ] »2 5 7-£»3 S^-^OHKCfoWSM 

□*oir#s«, ss«cr*^xwi»fcfc<Dra£. hip 

WJR^S *ffl o r S 3 6 S 4 <h [fij^ 5 W 



^2000-235 1 44 
14 

\Z S 0. 5< S1S3/S1S2 <2, *po, 0. 5 
< CS2^P] / CS3I3PD <2±l»3*ffrW«fiS 

B$ccf frSfflSHrt © t> © £ "T & C £ tc J: 0 > . Hut 3 ti Z> * 
CCC, IS^S1S3«, S3(D11j££ 

5b©ra©««fl»ii**»orc»*. cs2.n 

SlStri^o S6te, HI. 3, 4©l»r*i©S!8B& 
«cc*5i»rfe, s^-±^©A*tftK*^3#*fc«> 

(C, l^ORIBIi* S2*>6S3^©Ig 

/h3&fc©£3ttTO& 0 Ttttofc, u** 
;US KS2S3<fcC^BB«3&JflES[Urc^. Jff$L< 
tt, U^Jl/tt, il?](D$7- S2) <D|u7? 

MCC*l>?. \s*?)U£mi 5^-<t<DM«C*jCtSAS* 

tCtt, «*.«, U^^^iS2<t<Dra©MB«, 80m 

[0036] SI, 3. 4, 5©SSJW&»ctel> 

rw\ ^7-s3, s emomrnz. cne^-s 

3. S6£l,T4^&J»3cc>5^-£i^r#&<fc5& 

&*¥*CC*$l>Ttt. 0. 3x (S3©ffiffliEg+S6 

[0 03 7 ] KT©mte*5C»Ttt, iHCl^Uc* 
¥m<D>*?jt-Z& % Code V (SliK6S) «ftrcw*3 
ntl^ 0 *f*»U>Xtt, 26x2mm 2 &1>9PHUB 
b^O|§P»3&S0 . 2 £ 3tlfc5 fi(D*^IRr 



(9) ^2 00 0-2 3 5 1 44 

15 16 













u > X 


INF 


80. 9127 

H 1 U£U i 


268. 1723 




S 1 


AO) 


-68. 8251 
-324. 2006 
0. 0000 


197. 5712 

1 30. Dl« 

188.6170 


REFL 


S 2 


A (2) 


324. 2006 
MP 

423.6214 
0. 0000 


188. 7078 
67. 1796 

183.2180 


REFL 


S 3 


A(3) 


-423.6214 
-74. 9270 


184.7062 
519. 0546 


REFL 


S 4 


A(4) 


498. 5484 
109.8242 
281.5288 


541.0453 
248.6244 

177. 5488 


REFL 


S5 i 


A (5) 


-281.5288 


65.0842 


REFL 


S 6 


A (6) 


281. 5288 


187.9549 
78. 3999 


REFL 






59. 9202 


53.9889 


D 




$A*>yv 
a* 


xi-u+kh 

K y 


fe^Y'V" 
I 


♦ <A)YMB)Y 4 
D 


C 


A(l) 


0. 00031800 


-27.686599 ( 


). OOOOOE+00 


1.32694E-I5 


2. 00546E-20 


-8.49471E-26 


A (2) 


C. 00094928 


-3.998204 ( 


). 00000E+O0 


4. 03894E-15 


-6. J5047E-20 


2. 73303E-25 


A<3) 


0.00126752 


0.424198 C 


). 00000 E+OO 


1.58766E-15 


-8. 27966E-20 


2. 80328E-24 


A<4> 


0.00123850 


0.023155 ( 


). OOOOOB+OO 


2. 46048E-17 


-1. 08268B-22 


3. 75259E-28 


A<5) 


0. 00329892 


2. 902916 ( 


). OOOOOE-KX) 


1. 55628E-12 


-6.71619E-17 


-5. 30S79E-21 


A<6) 


0. 00277563 


0.072942 ( 


). 0OO00E+O0 


2. 96285E-16 


3.99I25E-21 


4. 55007E-26 





[oo3 8]^2tc«, xmmmmwms, 686, 
m<omt mm) » % ^-ssois^owjro/h 

#J2 0ram<DfIgr&£ o C<DC<U£, EUV1 

U3fl»fc. CtiM&ygRtt. 5 0/zm 

7=* > 6tt. C ft 6<&#»ffitt*>A»ft 

[0 03 9] H3fctt, 8ffl5 9-**«©«»^Itttt 

i*. Hiccm-r*i^iiBg»<fcraatc, ->*-^«c»u 
r*§ 0 m\<Dm&±mmiCs s2ts3t<om<owm 



«\ JteO*H»ffiPlBliB«W5 i 6 8 6. 7 2 8-^Oi©^ 

30 [00401^1 <DS*!BJU>X(C*f i/r<z> l o©«»jS 
03CCfcL.r«, HP»JIB*aB^ 

^St&S 1 iS2i©B«cEBSti'CC>4»*«:tt, * 
*c^i;>^iLT«teS3tiri»&HPWR^ata 

£6, S lOWffiifctlHiCOfcHPi-r&Clifcr* 

40 & e 

[004 1 ] COff2HM»flia)A<DMjA«. 5 9- S 

^ - s 4 # c ©ifc*3ft©cfir * fc X £ i »s ^ - r * * c 

tt«dtt?ft«<!:. ttH3ti&#KBittcMBIB«s v 10. 

S5CC*5C*r«3c0, ftl8. 6° r£>&. *8l&<D»ffi 
mmt, 1. 7mm«©raBBttiFrt«C*fl»rtt. A = 
13nm(»t 0. 0 32 Ar&£ e 5*- 

so S4#o. 4 umtcftt>?fric}mwt2tir:i,>2>m& 



(10) 



17 



A = 1 3 nmJCfclit, 0.031 Ar&£ e 

f#*>*i& 0 $f^u<«, mamm^mt. S2si 

^ 0. 9x (S2m) il^BB«*«fc"rJ:^CCL* 



2 000-2 35 1 44 
18 

[0042]l2lt B3«C«^Ofc5«»«5U>X<D 

OW^iCtt, S4$7-S4{t £fc®r£>6 0 2 6 X 
1. 7mm J il^^^-^K»(c4B^STlS¥Stt % 
#J2 6mmn^ 
[«2] 







15$ 


ass 






INF 


85.2401 
358.4668 


256. 1389 




S 1 


A(l) 


0.0024 
-358. 4691 
0. 0000 


203.8941 
203. 8845 

201.9677 


REFL 


S 2 


A{2) 


358.4691 
390.5456 
0. oooo 


201.9942 
60. 7572 

187. 2498 


REFL 


s fl 


A(3) 


-390.5456 
-104. 1273 


188. 9474 
505.8686 


REFL 


S 4 

; 


A<4) 


494. B729 
114.3062 
281.6969 


550.3686 
256. 9217 

181.7337 


REFL 


ss 


A (5) 


-281.6969 


64. 4286 


REFL 


S 8 


A (6) 


281.6969 


187. 8549 
78. 1545 


REFL 






60.0041 


53. 6996 





ft^)YVCl+(l-(HK>(I&^)*Y•) l > ]*(A)Y«MB)Y'*<Or+(D)Y" 





mm 


K 


A 


B 


C 


D 


A(l) 


0.00035280 


-58.238840 


0.00000E+O0 


2. 14093E-15 


2. 29498E-20 


0. 0O0OOE+O0 


A (2) 


0.00097971 


-4. 160335 


O.O00O0E+OO 


1.54696E-15 


8. 15622E-21 


O.00000E+O0 


A(3) 


0.00117863 


-2. 136423 


0.000006+00 


-1. 78563E-16 


3. 45465E-20 


0. 00000E+O0 


A (4) 


0.00124362 


0.000000 


0. 00O00E+O0 


0. 00O0OE+O0 


0.0OOO0E4O0 


O.OOOOOE+OO 


A (5) 


0. 00338832 


2.909987 


0. OOOOOE-KJO 


7.90123E-13 


7. 04899 E- 17 


0. 0000OE+OO 


A<6) 


0.00278660 


0.062534 


0.O0O00E+OO 


2. 79526E-16 


7. 00741E-21 


0. 000O0E+O0 




= 1 3 n m 













[0043] m<ommjm msmstm) m4 cc 

^-Ttcta%»2 5^-S2±0C. *^WCC^O««W 
2mm*K>n«Jga»rt«c*jCir» % A = 13nm 

«cbt>T, SREgy£#o. 02 1 Ar^^o figffi^nr 

C>*fc<D©*rflWfe*(D#Scffitt», 11. 2*zmT& 



0> **©Aftfftffitt> S5«c*j^rfiC0. »18. 

3- -c^>5o js-vmttttow 

14dct^2||5fe^ < i : p^^ fi2 6mmm * 
58<D^8tte, **-^K«fc2l>5^-S5<DiSflU:D 

[oo44]^3n ®4icm7rki;tcn3mmBmtc*3 

w«*M&r«5 code v (£«is«!) 

[313] 



(11) nffl 2000-235 144 



19 20 







&2 


mm 






IjiF 


84. 0595 


205.6642 




S 1 


AO) 


-145.8261 
-327. 7260 

ran 

0.0000 


147.3830 
J 36. 4700 

112. 0176 


REFL 


S2 


A(2) 


473. 5521 
190.4530 
0. 0000 


112. 1228 
163.5236 

184. 4783 


REFL 


S 3 


A(3) 


-190. 4830 
-399. 1713 


185. 3828 
358.6720 


REFL 


S4 


A(4) 


589. 6560 
207. 6220 
276. 2668 


654. 5228 
310. 1977 

175. 3066 


REFL 


S 5 


A(5) 


-276. 2668 


55.2138 


REFL 


S 6 


A (6) 


276. 2668 


182.8159 
77.5085 


REFL 






69.0000 


53. 9968 





Z^(*^)V*/[l+(J-(l+lO(ft^> T Y»)" , ] + (A)Y*f(B>y+(C)V , + (D)y ,# 



##6i 




K 


A 


B 


C 


D 


A(l) 


0.00016851 


441.008070 


O.OOOOOE+OO 


-3. 49916E-16 


1.27476E-19 


-3. 37021E-28 


A (2) 


0. 00089932 


-5. 032907 


O.OOOOOE+OO 


-6. 95852E-15 


-7. 53238B-20 


-2. 74751E-24 


A(3) 


0.00188578 


0.913039 


0. 0O000E+OO 


-1.60100E-15 


-9. 538S0E-20 


1.30729E-26 


A<4) 


0.00108147 


0. 038602 


O.OOOOOE+OO 


2. 48925E-18 


-5. 29046E-24 


-4. 37117E-3I 


A (5) 


0. 00269068 


7. 253316 


0. OOOOOE+00 


-5. 70008E-13 


-9.32236E-17 


-6. 09046E-21 


A (6) 


0. 00281035 


0. 150957 


0. OOOOOE+00 


I. 30822E-15 


1.86627E-20 


5.08158E-25 


#m&&= 1 3 nm 



0, zomMBMlcto^x^ Sif$7-sii, 02 

-04 * 7-S2-S4*^^:^lt^fAi, 
*5*jJ:tfW6 5^-S5. S6#>6&£021f >^>* 

02, 03. 04S^-S2, S3, S4 



mam*. na = o. 28-c&£ 0 M©^-S5i 

30 *->'^^^iac^5 ^-CD«ffl@:S(D3^0 1 <b, 2 

[0046]i4«, H5CC«7Sl/fc»r4||J«g»«C*j 
tt**M9'^ Code V (9MMI) ZftrCm 

[SI4] 



(12) &m 2000-235144 

21 22 









an 


*47 




XNP 


151.2625 
229.0820 


194.7605 




S 1 


A(l) 


-39.4068 
-189.6752 

nn 

0.0000 


162.9862 
147. 1426 

66.0637 


REFL 


S2 


A12) 


229. 0820 
137. 6708 
0.0000 


65.1650 

168.3504 i 
230.5128 


REFL 


S 3 


A(3) 


-137.5708 
-300.3445 


234.0072 
388.2567 


REFL 


S4 


A(4) 


437.9153 
133.0981 
363.0840 


630.7784 
343. 1578 

257. 0225 


REFL 


S 5 


A(6) 


-363,0840 


79.9521 


REFL 


S6 


A(6) 


353.0840 


264.2853 
78.6378 


REFL 






44.0000 


54.0051 




#£RE 


(ffVlHO- 


K 

E 


K 

P 


8 

G 


))T ,D 

(fi)Y-+CHn»+ 
H 


j 


A(t) 


-0. 00080028 


0.000000 
0.000002400 




o!oooooe+oo 


-7.86902E-19 
0. OOOOOE+OO 


-5.07886E-24 
O.OOOOOE+00 


A<2) 


0. 00040002 


0.000000 
0. OOOOOE+OO 


1.68187E-07 
0. 00000E+00 


2. 05570E-12 
O.OOOOOE+00 


2. 42710E-16 
a OOOOOE+OO 


5.69764E-20 
O.OOOOOE+00 


A(3> 


0.00113964 


-2.760663 
O.OOOOOE+00 


0. CCOOOE+OC 
O.OOOOOE+00 


-3, 55779E-16 
O.OOOOOE+00 


1.03881E-19 
0. OOOOOE+OO 


-3. 64996E-24 
0. OOOOOE+OO 


A(4) 


0.00128753 


0.019273 
-6. 20361E-33 


0. OOOOOE+OO 
0. 00000e+00 


5. 82746E-18 
0. OOOOCE+00 


-1. 77496E-22 
O.OOOOOE+00 


1.64954E-27 
O.OOOOOE+00 


A<5) 


0.00373007 


11.6888968 

aoocwoe+oo 


0.00000E-KKJ 
0. OOOOOB+00 


-5. 53902E-12 
0. OOOOOE+OO 


-4. 32712E-16 
0. OOOOOE+OO 


-1. 54425E-19 
0. OOOOOE+OO 


A<6) 


a 00240387 


-0.002567 
O.OOOOOE+00 


0. OOOOOB+00 
O.OOOOOE+00 


-6, 78955E-15 
0. OOOOOE+OO 


-8.39621E-21 
0. OOOOOE+OO 


-2.95854E-25 
0. OOOOOE+OO 


#88 £8= 13nm 



mmmmm msmmm) com 



30 o. cvmsnmtmtcisvzft&m 
code v i&mmm 3*5 k** 



(13) &m 2 0 0 0 - 2 3 5 1 4 4 

23 24 







3C5 








INF 


103. 2808 
229.3042 


197. 1874 




S 1 


A(l> 


-39. 2890 

-180. 0162 
MB 
0.0000 


157.6222 
142. 1492 

67.2659 


REFL 


S 2 


A<2) 


219.3042 
131.2051 
0.0000 


67. 4347 
167.6875 

228.0182 


BEFL 


S3 


A(3) 


-131.2051 
-247. 8850 


232.3162 
401.4441 


SEFL 


S4 


A<4> 


378. 7901 
134.4001 
348.6086 


613. 5493 
355.7774 

268. 3736 


REFL 


SS 


A(5) 


-348.5086 


81. 5255 


REFL 


36 


A<6) 


348.5086 


269.2453 
75.4983 


REFL 




-f 


36.1195 


53. 9942 




MB 




(1*0 (MOT' 

K 

£ 


>""]+<A>Y 4 + 

K 

F 


G 


|c)V+goy*+ 

H 


j 


A<1> 


-a 0006X616 


0. 000000 
-7.07209B-27 


-6. 19402E-09 
0. 0O0O0E+O0 


1. 09614E-13 
O.OOOOOE+OO 


-3.44621E-18 
0. OOOOOE+OO 


I. 58573E-22 
0. OOOOOE+OO 


A<2> 


0.00066911 


0.000000 
1.84614E-29 


1.69I12E-08 
O.OOOOOE+00 


2.39908E-12 
O.OOOOOE+OO 


2.8976SE-16 
0. OOOOOE+OO 


1.00572E-19 
0. OOOOOE+OO 


A<3> 


0.00140031 


0.000000 
-2.23484E-28 


-6.71271E-10 
0. OOOOOE+00 


-1.47622E-15 
O.OOOOOE+OO 


-3.40B69E-20 
0* OOOOOE+OO 


4. 32196E-24 
0. OOOOOE+OO 


A<4> 


0.00143731 


0.000000 
1.49857E-32 


2. 18165E+12 
-a 61043E-38 


2.65405E-17 
O.OOOOOE+OO 


-2.01757E-22 
0. OOOOOE+OO 


1. 14856E-28 
0. OOOOOE+OO 


A (5) 


0.00378996 


0.000000 
5. 75469B-24 


8.54406B-08 
0. 0OO00E-KX) 


2.25929E-12 
0. OOOOOE+OO 


3. 36372E-16 
0. OOOOOE+OO 


1. 92565E-20 
0. OOOOOE+OO 


A (6) 


a 00246680 


0.000000 
6.91279E-30 


-3.61764E-12 
0.00OO0E+O0 


-8.29704E-16 
0. OOOOOE+OO 


-1. 53440E-20 
O.OOOOOE+OO 


-2. 24433E-25 
0. OOOOOE+OO 


#JSttfi*= 1 3nm 



c o o 4 8 ] m 7 Atojzvm 7 b ±uzmmmf&ic*$ 

7ACCteOT, $7-±(C^$ti/c{SiflOO« 4 m 

B<Dtm-c*>& 0 c cornet , tfitiDtt ^mm w 
mm i 0 2<d\mmt$>z> o ®*pu 0 2(t mm i o 

0 4#, ^2*SR1 0 2±iC{4^LrL^ o I2©W t 

mi Bct^nro&o »n/cWioo(t -y> 

^H 06, 10 8*Cfct>T, -f>^>SJBtt8R»i 
[0 04 9] KittWLfccfcSCC, EUVP) 



-So 

©B«:*i^*r^'fe^a4i«clBPWB*Rt % o. 2 <h 
[H2] ftS&3tQBttV3r5. 6 8 6, 7 2 8-Sf(CHJ 

40 

[H3] Jg3 5S-£»4 5^-£©IBCCiBlSftfc 

asi 5 7-±{cHPiwiH#ia*wi/fc, *«H3©^2H 

[H4] «2 5 9-±«C|IP«nR*R**f Siifc 
tcttfpffifit^ 5 9mmt?*5cfc^ft, #2&^0!g 3 HSfi 

[05] c|s|B-fy-^i. 0. 2 8&b»9RORNA 
»>x — />Cc«fcfic>5 5--fl!> : SjaiaS©jR3»©l 
<t 2 0~~3 OmmOJSH^fiSiO-feH-fiSift/jNfi^ 
50 t T « -f -rf - ^ffllb It WBftf^Bt t , 



(14) 

25 

ft, *mi<m4rmmm*m~rwc$>z>. * s 1 si>7- 

ti6] tpm-iJ-Vt. 0. 30<bl^^P!KNA S2 ^2^7- 
[f?^<D|8l£] S6 g6$7- 



2 
4 
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